BACKGROUND: Weight gain after smoking cessation is perceived to be a barrier against quitting smoking. The goal was to analyze overweight and obesity depending on smoking status and number of cigarettes per day (cpd) among former and current smokers. METHODS: The sample included 7124 residents of Germany aged 18-79 y from a national health examination survey (participation rate: 61.4%). Body weight and height were objectively measured; smoking status and cpd were assessed by a questionnaire administered in a health examination center. RESULTS: The number of cpd was positively related to being overweight and more so to obesity among former smoking men, but not women. The results were adjusted for age, school education, exercise and alcohol consumption. Men who formerly had smoked more than 30 cpd had an adjusted odds ratio (OR) of 5.0 for obesity compared to men who had never smoked. CONCLUSION: With an increasing number of cpd more psychological and physiological processes of compensation of nicotine supply after smoking cessation may be expected. Male smokers should be provided with information on how to prevent weight gain after smoking cessation. To foster smoking cessation, female smokers should be informed that women who stop smoking manage to have no increase in the rates of overweight or obesity when considered at the general population level.
Introduction
Most studies revealed an increase in body weight after smoking cessation, [1] [2] [3] [4] and the fear to gain weight is supposed to be a main barrier to quitting. 5 The increase in body weight by age has been found to be lower among smokers than among nonsmokers, 6 and body weight seems to be highest in former, lowest in current and medium in never smokers. 1, 7, 8 Weight gain attributed to smoking cessation was positively related to the number of cigarettes smoked per day (cpd) in a study with men at high risk of death from coronary heart disease. 9 General population data revealed that aboveaverage numbers of cpd coincide with a higher body mass index (BMI). 10 Smoking more frequently was associated with higher postcessation weight gain. 3, 11 The apparent body weight increase after smoking cessation seems to be due to decreased weight during smoking plus a transient weight increase after quitting.
Smoking in humans and nicotine administration in animals is associated with a decreased body weight. Biological mechanisms as well as psychological factors may be involved. 12 Evidence revealed an increase of energy expenditure while smoking, both in resting and in light physical activity conditions. [13] [14] [15] [16] [17] Nicotine supplied by patch after smoking cessation decreased caloric intake in a dose-related manner. 18 According to an animal study nicotine may lengthen intermeal time and simultaneously decrease the size of the meals taken. 19 Hypothalamic nuclei and neurotransmitters, particularly dopamine and serotonin, have been considered in appetite regulation; however, neurobiological evidence about smoking cessation and eating is fragmentary. 20, 21 Evidence suggests that the risk of weight gain is highest during the first year after quitting and declines over the years. 1 It has been concluded that there is a consistent increase in caloric intake in the first weeks after smoking cessation. 4 This might be interpreted as a response to smoking cessation, whereas long-term increase of BMI has been attributed to more stable subject characteristics such as gender. 4 An explanation of a transient increase might be a set point of body weight. The hypothesis of a body weight set point states that, other conditions being stable, alterations in body weight below or above this set point are countered by compensatory changes in eating or energy expenditure. 3, 22 According to that, smokers have a smoking-and nicotineinduced lowering of their set point that is followed by returning to the 'normal' body weight set point of the individuals after quitting. Social and psychological factors, such as the intention to be slim, might be a sufficient force to curb weight gain and to keep the BMI at the level of never smokers after quitting. 10 Women might be particularly prone to this because of social norms of leanness. The underlying psychological processes might be volitional, for example, decision-making processes. 23 Weight gain concern was not related to smoking cessation among female smokers in one clinical study. 24 Factors of sample selection, such as sedentary lifestyle and high intake of unsaturated fat, might be active in the increase of BMI or caloric intake after smoking cessation. 4 Restrained dieting has been considered; however, among smoking-abstinent restrained women, no increase in food intake was found. 25 On the other hand, the belief in the properties of smoking to control weight may be a factor that strengthens dietary restraint among smoking females, and females scoring high on dietary restraint were more likely to be smokers than nonsmokers. 26 Female smokers who score high on a scale of smoking as a weight control tool may be particularly susceptible to weight gain when staying abstinent. 27, 28 Although female smokers seem to accept weight gain after quitting less than male smokers, 29 little is known about gender differences in the increase of BMI after smoking cessation from general population studies. 4 Altogether, evidence is conflicting, and there are different explanations of weight changes related to changes in smoking status. 4 While there is a lack of nationally representative data, the fear to gain weight is a barrier to stop smoking. Many studies focused on a change in body weight, whereas there is little research on overweight and obesity with respect to smoking cessation. Weight gain may be experienced as negative, even if within the BMI-range of normal weight; however, considering public health, overweight and obesity are important. The goal of the present paper was to analyze whether (1) the smoking status, (2) the number of cpd and (3) the number of years stayed abstinent in former male and female smokers are related to overweight and obesity controlling for age.
Methods

Study population
A national sample of the German civilian, noninstitutionalized population aged 18-79 y from the national health examination survey was used. 30 This survey was conducted to provide data on general aspects of health of the German adult general population. A random sample (N ¼ 13 222) stratified by the 16 German Federal States was drawn from the German residents' registration files in which every resident's address, age and gender are included by law. On contact of the target persons, 1621 (12.3%) were deceased, had moved, were unknown under the registered address or did not speak German. Of the remaining 11 601 individuals, 7124 (61.4%) took part in the study and provided sufficient information. 31 The participation rates were lowest among young men and older women. Among men aged 20-29, 56.5%, and among women aged 70-79, 50.4% took part in the study. Among the individuals who were contacted but did not take part in the study or who never could be reached, 2575 (57.9%) gave limited information about their reasons for not to participating. Among them, 10.4% indicated health-related reasons for not participating and 5.0% were travelling. 31 The individuals had been invited to take part in a health examination that was conducted in an examination center, that is, rooms rented for the purpose of the study in 120 sample points. 32 Data were collected from October 1997
to March 1999. 31 Individuals with missing data on BMI (n ¼ 52) and individuals with less than normal body weight (BMI of less than 18.5 kg/m 2 ; n ¼ 67) were excluded from the analysis, leaving 7005 subjects. The reason for the latter exclusion criterion was the assumption that among those the number of people with eating disorders or other diseases is higher, which might affect the relation between smoking and overweight. Former smokers and current smokers who smoked cigars or pipes exclusively (n ¼ 15) and subjects with missing data on smoking status or cpd (n ¼ 156) were excluded. Our final sample consisted of 6834 individuals with complete information about smoking status, cpd and BMI. Among the smokers, there were individuals who smoked pipes or cigars in addition to cigarettes (55 former and 22 current smokers). For these individuals, only the information about cigarette smoking was used.
Assessments
Body height was measured by a fixed stadia rod with the person wearing no shoes. The results were registered accurately to 0.5 cm. Body weight was measured by a scale with the person wearing no shoes and light clothing, and the results were registered accurately to 0.1 kg. Body weight of 150 kg or more was confirmed as valid in the data entry during the measurement. The scales were calibrated on a 33 Smoking was assessed as part of the questionnaire. The individuals were asked whether they had formerly smoked or whether they currently smoked. Former smokers were those who had stopped smoking more than 12 months prior to the health examination and stayed abstinent since then. Smokers who had stopped smoking 12 months or less prior to the health examination were considered separately. Cpd was assessed for the former smokers by asking how many cigarettes on average had they smoked. The current smokers were asked how many cpd on average they smoked currently. The quit rate (number of former smokers plus those having quit within the last 12 months prior to the health examination divided by all persons who had ever smoked in their life) was 43.1% among men and 34.5% among women (w 2 27.6; Po0.001; w 0.09). To control for confounding variables we included age, school education, exercise and alcohol consumption. We considered six age groups (18-29, 30-39, 40-49, 50-59, 60-69, 70-79). School education was assessed by number of years at school with respect to the German school system (9 y or less, 10, 11, 12, 13 y). Exercise was assessed based on the questions 'How often do you exercise?' and 'How much time do you spend per day withy strenuous exercise, such as jogging, bicycling, swimming, heavy work in the garden'. The respondent was asked to indicate the number of hours on weekdays and on Saturdays/ Sundays, which were standardized to hours per week. Alcohol consumption was estimated based on single questions about how many times per week the individual drank beer, wine and spirits, and how much s/he drank per occasion. Grams of pure alcohol per day were calculated from the answers.
Data analysis
We calculated likelihood ratio w 2 tests for men and women and used the effect size measure Cohen's w with 0.10 or higher indicating an effect. 34 For overweight and obesity, odds ratios (OR) and 95% confidence intervals (CI) were calculated. We applied multinomial regression analyses with overweight and obesity as the dependent variable and BMI of 18.5-24.99 kg/m 2 for reference since we did not hypothesize an ordered sequence of overweight and obesity according to the smoking status and cpd. All data analyses were made for men and women separately by SPSS 12.0.
Results
According to the bivariate data analysis, the proportions of overweight or obesity differed by smoking status and cpd (Table 1) . Among male former smokers, the proportions of overweight or obesity ranged from 78.7 to 91.1% depending on cpd, compared to 64.3% among the male never smokers, and from 51.8 to 68.7% among the male current smokers depending on cpd; male former smokers showed a higher proportion of overweight or obesity than never smokers. There was an effect. Among female former smokers, the proportions of overweight or obesity ranged from 51.9 to 64.3%, depending on cpd, with 58.9% among the female never smokers and between 37.5 and 46.4% among the female current smokers. Thus, female current smokers showed lower proportions of overweight or obesity than the never smokers. There was an effect. According to the multinomial regression analysis with adjustment for age, school education, exercise and alcohol consumption the highest OR was 5.0 for obesity among men who had smoked the highest number of cpd (31 or more; Table 2 ). Among male former smokers the OR for overweight and for obesity decreased with a decrease in cpd. No such relationship was apparent among current smokers. Men who currently smoked 10-20 cpd had a lower OR for both overweight and obesity compared to men who had never smoked.
Among women, the OR for overweight former smokers were not significantly different from the never smokers, and the OR for overweight current smokers were not significantly different from the never smokers except those who currently smoked 20 cpd. These smokers had a lower OR for overweight compared to the women who had never smoked.
Male smokers who had quit within 12 months prior to the health examination included 71.0% with overweight or obesity compared to 64.3% among the male never smokers. Among women who had quit smoking within the last 12 months prior to the health examination, there were 43.1% with overweight or obesity compared to 58.9% among the never smoking women. After adjustment for age, school education, exercise and alcohol consumption, the OR for overweight or obesity were not different from the never smokers, neither in males nor in females. Among former smokers, no relationship was found between the number of years the individuals stayed abstinent and overweight and obesity.
Discussion
There are four main findings. First, the proportion of overweight and even more so of obesity was related to cpd among former and among current male smokers. Second, the proportion of obesity among individuals who had quit smoking within the last 12 months prior to the health examination was not higher than that of never smokers. Third, former smokers did not differ according to overweight or obesity and the number of years they had lived abstinent from smoking. Fourth, among female former smokers the data did not reveal higher odds of overweight or obesity than among female never smokers.
Smoking and overweight U John et al
The higher the number of cpd among former male smokers was the higher the OR for overweight, and even more so, for obesity were. Among current male smokers the number of cpd did not show such a relationship. The results are in accordance with evidence that former smokers show the highest and current smokers the lowest proportion of Smoking and overweight U John et al overweight and obesity. [1] [2] [3] [4] 6, 7 The results are consistent with the evidence that revealed an increased energy expenditure from smoking [13] [14] [15] [16] [17] and from nicotine supply both in humans and animals. 12, 18 Furthermore, the findings confirm evidence about the relation between number of cpd and body weight among former smokers. [9] [10] [11] Our results suggest that increased BMI among former smokers might be due to those individuals who smoked 20 or more cpd. The findings may be explained in two ways. First, there might be subpopulations that differ by the extent of health risk behavior. 10 The outcomes from the multinomial regression analysis show that the cpd may explain a part of the variation of normal weight, overweight and obesity. Second, the findings are in accordance with the evidence that a high amount of nicotine consumed is related to low food intake, change of the metabolic rate or decreased body weight set point. 4, [18] [19] [20] [21] 35 With an increasing number of of cpd in former smokers, there may be an increasing urge to compensate missing stimulation. The clear linear relationship between the number of cpd and the proportion of overweight and more so of obesity supports such an assumption.
The individuals who had stopped smoking within 12 months prior to the health examination do not reveal more overweight or obesity than never smokers. An alteration of food intake, metabolic rate or body weight set point seems to be small. This suggests that a short-term increase in body weight after smoking cessation does not become critical in public health terms of overweight when never smokers are taken as the reference group. The long-term development of overweight or obesity depends on a variety of factors, both biological and psychological. According to that, smoking is a transient phase in life among a part of the general population with more curbing of weight gain than the time after smoking cessation. This is in line with the assumption of a body weight set point. The sustenance of a body weight set point could be seen in terms of decisional processes of the individual. 23 This is supported by the fact that the former smoking women did not show an increased BMI compared to never smoking females. More female than male quitters might develop decisions that are strong enough to curb weight gain, that is, they exert psychological strategies to such a degree that they are successful in the prevention of overweight. Taken together, our data suggest that at the general population level smoking does not reduce the proportions of overweight and obesity. The number of years the former smokers stayed abstinent was not related to overweight or obesity, neither in men nor in women. This finding does not support the evidence that showed an increase in the BMI during the first years after smoking cessation. 1 However, there is a trend towards an increase in overweight or obesity with the number of years of abstinence, and it is supported by small effect sizes. Growing age might explain this. Yet, it must be considered that the data are cross-sectional only.
Female former smokers in contrast to male former smokers did not show a higher proportion of overweight and obesity than female never smokers. There was a trend towards even lower odds of obesity among females who had formerly smoked less than 20 cpd. This is strong support for the assumption that weight gain is associated with aspects of the intention to be slim because no evidence is known to us that shows sex-specific biological processes playing a role in weight change by smoking status or cpd. Concern of weight gain after smoking cessation among females might be responsible for high efforts to curb weight gain among women. 24 We do not know how many female smokers refrain from smoking cessation by short-term experience of a particularly high weight gain. Thus, succeeding in quitting and not gaining weight might be a selection factor. Nevertheless, the result supports former findings according to which weight gain did not necessarily follow smoking cessation, not even among women who had smoked for reasons of weight control. 25 Strengths of this study include the national random sample with a considerable age range and a BMI measurement that has been shown to be more valid than self-report measures on body weight and height. 36 Limitations of our approach include, first, that the study is cross-sectional. Second, no validation of the smoking data could be achieved. However, there is evidence that a reporting bias according to smoking is negligible in population surveys. 37 Third, we do not know about the single self-selection processes that may have taken place among male quitters. They might include more subjects who in general have less concern about weight gain than women. Fourth, no data about pregnancy as a confounding variable were available. We conclude that the number of cigarettes smoked per day may be a crucial factor in overweight and obesity among men who have stopped smoking. It may be expected that from a public health perspective the problems from weight gain do not outweigh the benefits from smoking cessation. There is a large unused potential to prevent weight gain among smokers before and after they quit. Overweight might probably be prevented by support of smokers who quit, for example, by the provision of information on weight control or by teaching coping skills. According to our findings, this is particularly important for men. Furthermore, smoking females should be provided with the information that the fear to gain weight as a barrier against stopping smoking is not supported by scientific data and that there will be no weight gain after smoking cessation compared to never smoking women. This will eliminate an important barrier for women against stopping smoking.
foundation. The data file was provided from the RobertKoch-Institute of the German Federal Ministry of Health and Social Security.
